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Preface 
The work descrilccl in this report was perfornlcd by the 
Environn~ental Sciences Divisivn of the Jet Propulsion Laboratog.. 
This docuinent is one volume in a ser ies  of volumes, each of 
which enumerates the computer results of a gasdgnamic and ther- 
mochemistry computer program for high-temperature gas o r  gas 
mis twe.  Docunlents basic to this se r ies  a r e  TR 32-1350, "A Pro- 
gram for Computing Shock-Tube Gasdynamic Properties," and 
TR 32- 1425, "The Computation of Partition Functions and Thermo- 
dynamic Data for Atomic, bnic ,  Diatomic, and Polyatomic Species. " 
One of the authors, T. E. Horton, is currently on the staff of 
the University 3f R!ississippi. 
J P L  Technical Repor t  32-1408, Vol. I V  iii 
Contents 
I . Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
I1 . Description of the Tables . . . . . . . . . . . . . . . . . . . . .  1 
I11 . Accuracy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
IV . Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  References 3 
Appendix . Tabulated Computer Results . . . . . . . . . . . . . . .  5 
Tables 
A.1 . P = 0.05 torr  . . . . . . . . . . . . . . . . . . . . . . . .  6 1 
A.2 . P = 0.25 torr  . . . . . . . . . . . . . . . . . . . . . . . .  15 1 
A.3 . P -- 1.00 torr  . . . . . . . . . . . . . . . . . . . . . . . .  24 1 
A.4 . P = 2.00 torr  . . . . . . . . . . . . . . . . . . . . . . . .  33 1 
A.5 . P1 = 5.00 torr  . . . . . . . . . . . . . . . . . . . . . . . .  42 
A.6 . P = 10.00 torr  . . . . . . . . . . . . . . . . . . . . . . . .  49 1 
Figures 
1 . Description of the shock-tube regions . . . . . . . . . .  2 
J P L  Technical Report 32.1408. Vol . IV 
Abstract 
Thermodjmamic properties and species concentrations of equi- 
librium nitrogen are tabulated for moving, standing, and reflected 
shock waves. Initial pressures range from 0.05 to 50.0 torr, and 
temperatures from 2000 to over 75,000 OK. 
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SHOCK- TUBE THERMOCHEMISTRY TABLES FOR 
HIGH-TEMPERATURE G M E S  
Nitrogen 
In many shock-tube erq>eriments, the 
properties of high-temperature gas mixtures 
a r e  needed. Recently, a gasdynamic and 
thermochemistry conrputer program (Ref. 1) 
was developed at the Jet  Propulsion Laboratory 
to support aerothermodynamic research pro- 
jects. The ser ies  of volumes that comprise 
this report presents the computer results for 
various high-temperature gases; this volume 
presents the results for equilibrium nitrogen. 
Thermodynamic properties and species 
concentrations a r e  tabulated f o ~  three shock- 
tube regions; i. e. , behind the rnoving, stand- 
ing, and reflected shock waves. This docu- 
ment i s  the fourth in a ser ies  of reports dealing 
with gases o r  gas mixtures. The firstvolume 
covered high temperature a i r  (Ref. 2), the 
second described a simulated Venusian atmo- 
sphere (Ref. 3), and the third volume covered 
the noble gases helium, neon and argon (Ref. 4). 
The procedure for calculating partition func- 
tions and thermodynamic data is presented in 
Ref. 5. 
The molecular and atomic species con- 
sidered in the caIculations of chemical com- 
position are: N2, N;, N-, N', N+', N-? ++ s 
N, and e- . 
The initial pressures  considered a r e  
0.05, 0.25, 1.00, 2.00, 5.00, 10.0. and 50.0 
torr. The temperature range varies with ini- 
tial pressure.  At low pressures  the tempcra- 
turc behind the incident shock wave i s  varied 
from 2000 to 40,000°K, while temperatures 
behind the standing and reflected shock waves 
reach levels in excess of 75,000 OK. At high 
pressures ,  however, smaller temperature 
ranges a r e  covered; temperature increments 
vary from 200 to 1000 OK. 
11. Description of the Tables 
The tabulated computer results are pre- 
sented in the Appendix. The tables are ar- 
ranged in groups of constant initial pressure.  
Within the groups, the parameter varied i s  
the temperature immediately behind the mov- 
ing normal shock wave. At each temperature, 
a compIe,.e l ist  of thermodynamic properties 
and species concentration i s  given for the 
three shock-tube regions. 
Listed on the first  line a r e  T2, the tcm- 
perature behind the moving shock, expressed 
in degrees Kelvin, and the ,loving shock veloc- 
ity, expressed in units o i  km,'s and ft/s. 
Below the f i rs t  liile is liie thermodynamic 
block. The data in this block a r e  arranged in 
four rows and seven columns. The rows a r e  
identified by the le t ters  IC, MS, SS, and RS. 
The designation IC stands for initial conditicins: 
the data in this row describe the conditions of 
the undisturbed shock-tube gas. The other 
designations, MS, SS, and RS, represent mov- 
ing shock, standing shock, aild reflected shock, 
respectively. Moving shock i s  also referred 
to a s  the incident shock wave. The thermody- 
namic properties listed in the MSrow a r e  the 
conditions behind the incident shock wave. 
When thc model i s  placed in a shock tube, a 
standing shock is f o r m d  around it by the flow 
following the incident shock \iravc. Thc pro- 
perties listed in the SS row are the conditions 
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behind the normal portion of the standing shock 
wave. Thc RS row lists data behind the re -  
flected shock wave. This region i s  formed by 
the reflection of the incident shock wave off 
the end-wall of the shock tube. The no\\. i s  
brought to res t  behind the reflected shock; 
thus, the properties in this region a r e  the 
stagnation values. Various shock-tube regions 
a r e  sho\vn in Fig. 1. 
The columns in the thermodynamic block 
a r e  identified by headings. The f i rs t  column 
is tempei-atu~.e expressed in degrees Kelvin. 
The second column l is ts  the density ratio 
p/pO, where po = 0.00129233 g/c~n3 (density of 
a i r  a t  standard conditions). This i s  follo\\led 
by the pressure ratio P/PO, where Po = 1 atm. 
The fourth column indicates the Jimecsionless 
enthalpy per  unit mass (HMO/RTO), where H 
i s  the en'halpy per  unit mass,  hf0 = 28.0134 
which i s  the coldmolecular weight of the gas, 
To = 273.15i0K, and R i s  the univel sal  gas 
cons tan t 
R = 1.98726 cal/ OK mole 
= 8.31470 J/"K mole 
3 
= 82.0597 c m  atm/"K mole 
The velocities immediately behind the 
moving and standing shocks, and the velocity 
of the reflected shock wave a r e  enumerated in 
the fifth column. Following this the dimen- 
sionless stagnation enthalpy data (H,MO/RTO) 
a r e  shown, where Hs is the stagnation enthalpy 
per unit mass. Values for  IC and RS a r e  not 
tabulated since they correspond to the enthalpj- 
entries in the fourth column. Entropy in di- 
mensionless form (sM~/R) is tabulated in the 
final column. 
Below the thermodynamic block i s  the 
species co~icentration hlock. Number densi ties 
a r e  tabulated for i k  moving, standing, and 
reflected shock regions. 
For a detailed description of the param- 
e te rs  discussed, s e e  Ref. 1. 
111. Accuracy 
The greatest uncertainties a r e  in the con- 
centration of minor species, such a s  electrons 
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Fig. 1. Description of the shock-tube regions 
a t  low temperztures and molecules a t  high 
temperatures. The accuracy of the remaining 
species is approximately 20% for temperatures 
from 20,000 to 25,000°K and for pressures  
from 1 t o  10 atm. Accuracy drops a t  higher 
temperatures and pressures ,  but improves 
rapidly at increasingly lower temperatures. 
The calculation uncertainty i s  l e s s  thar. 5% a t  
15,000°K and l e s s  than 1% a t  10,000 OK. Be- 
cause the e r r o r s  in concentrations usually 
occur under those conditions for which the 
species i s  a minor constituent of the mixture, 
e r r o r s  in thermodynamic properties and shock 
parameters will be negligible. A procedure 
for estimating the range in which species con- 
centration e r r o r s  become important was pro- 
vide6 in Ref. 5. 
IV. Results 
The computer results a r e  tabulated in the 
Appendix. Besides the primary purpose of the 
tables, i. e .  , to provide shock-tube thermo- 
chemistry data, i t  should be pointed out that 
their usefulness is more general. For 
I 
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example, Mollier-thermodynamic data and 
equilibrium concentrations are  available from 
the tables at  literally hundreds of temperature- 
density combinations. Another application is  
the free-flight problem. The properties be- 
hind the normal portior~ of the bow shock of a 
high-velocity blunt body are equivalent to the 
properties behind the nroving shock in a shock 
tube. In the free-flight case, the initial condi- 
tion (IC) becomes the free-stream conditions, 
and the MS conditions are those of the bow 
shock. Although there are no known planetary 
atmospheres consisting solely of nitrogen 
through which a blunt body may someday fly, 
the present data may still be useful for para- 
metric studies of entry dynamics and heating. 
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